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Data are presented i n d ~ c ~ t ~ n g  t h a t  Backflus globipii spores are 
recoverable from experimentally contaminated blocks of balsa wood by 
maceration in H Wating Blendor. 
ufrereby spores intraduced into acetone soluble plastics may be re- 
A tecbique has been developed 
covered quantitatively by means of dissolution and entrapment in 
Seitz filter pads, In connecrion with the development of a satis- 
d e ~ l ~ p &  which provides quantitative i n f m m t i o n  on the toxicity of 
p l a s t i c s .  This technique utilizes the concept of the direct surface 
agar p h t e  (DSAP) wbicf., hrre fo3md vide appl icat ion in C,tre f i e l d  of 
surface contamination c 2) . 
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1NTROf)UCT.ION 
The general goals of this  p ro jec t  have been discussed in the F i r s t  
Quarter ly  Report of Progress('). The imnediate problem under imsti- 
gat ion is t h a t  of attempting t o  develop a series of comparable methods 
f o r  the quan t i t a t ive  determination of small numbers of b a c t e r i a l  spor@s 
i n  a wide var i e ty  of so l id  mater ia ls  used i n  space c r a f t  fabr ica t ion .  
Preliminary Exper iwnt  for the  Recovery of B. g l o b i g i i  spores from 
Balsa Wood 
In view of the  projected use  of laminated balsa wood as an impact 
absorber f o r  unmanned space craft, consideration of techniques for es- 
t imat ing b a c t e r i a l  contamination of t h i s  material was appropriate .  
The experiments presented here were of a range f ind ing  v a r i e t y  and 
simply indicate the  feasibility of the procedures described. Additional 
experimentation a s  t h a t  described under Projected Research f o r  Third 
Quarter i s  required.  
One g r a m  blocks of balsa wood w e r e  cut, wrapped i n  c r a f t  paper, 
heat- t reated in an autoclave for  15 minutes a t  121O C and allimed to 
cool. One mill i l i ter  of an aqueous spore suspension w a s  heated a t  
80° C for  10 minutes, cooled i n  an i ce  bath, and s e r i a l  10-fold d i l u t i o n s  
i n  acetone were prepared t o  y ie ld  8 x lo6 and 8 x 10 4 spores per  
m i l l i l i t e r .  One-half m i l l i l i t e r  of each spore d i l u t i o n  w a s  in jcc ted  
i n t o  separate  balsa  wood blocks using an 18 gauge, 1-1/2 inch needle. 
- 2 -  
The blocks were ground immediately a f t e r  i n j ec t ion  i n  200 m i l l i l i t e r s  
of cold phosphate buffered d i lu t ion  water i n  a W r i n g  Blendor €or the 
tinr and speeds shown below: 
1. One set w a s  ground one mieute at l o w  6peed (approx. 8,000 rpm), 
cup ag i ta ted  by hand and replaced on Waring Blendor and ground 
fo r  a0 additional one minute a t  high speed (approx. 16,000 rpm). 
One set was ground one minute a t  b w  speed, cup ag i ta ted  by 
hand, ground an addi t iona l  30 seconds a t  low speed and 30 
s e c m d e  a t  high speed. 
2 .  
Pla t e  counts of the ground suspension were ntade using tryptone 
glucose e x t r a c t  agar as the  plating medium. The p l a t e s  w e r e  incubated 
st 35" C for 24 hours and counted, 
The r e s u l t s  of t h i s  exptrimznt are sumnarized i n  Table I and it 
is seen t h a t  the inoculated spores were not  destroyed or prevented 
f r o m  germinating and forming co lon ie s .  It was not  possible,  because 
of the manner i n  which the  experimcnt w a s  perfornrd,  t o  determine 
whether the apparent increase i n  numbers of spores recovered was due 
t o  breaking-up of spore clumps or to r e s idua l  contamination of the  
wood blocks. 
Recovery of B. n l o b i g i i  Spore8 from a t~o lub le  plastic 
Although it i s  unl ike ly  tha t  lucite w i l l  be used in space craft 
:onstruction, the chemical and physical characteristics of t h i s  p l a s t i c  
make it of value as a model system. The more important of these are 
summarized below: 
1. Znsoluhle in water  
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b. can be ground into small p a r t i c l e s  
c .  Can be dissolved easily i n  several  solvents  
d .  Generally regarded t o  be b io logica l ly  i n e r t  
The purpose of the following two experiments was t o  determine i f  
Bac i l lus  g l o b i g i i  spores could be recovered from l u c i t e  by d i s so lu t ion  
of the p l a s t i c  surrounding the spores. 
1. Recovery of Baci l lus  g l o b i g i i  spores from a so lu t ion  of l u c i t e  
in acetone: 
-. imee f l a s k s  were prepared containing 98 m i l l i l i t e r s  of acetone 
and 1.0 gram of l u c i t e  shavings. Dissolutioa of the l u c f t e  w a s  aided 
by warming the  f l a sks  i n  a SOo C water bath,  
A port ion of a E. g l o b i g i i  aqueous suspension spore w a s  heated 
a t  80' C €or IO minutes and cooled in an ice bath. The appropriate  
s e r i a l  10-fold d i lu t ions  were =de i n  acetone t o  give three 10 m i l l i -  
l i t e r  a l iquot8  containing 10 , lo5, and 10 
acetone. 1.0 m i l l i l i t e r  of each d i lu t ion  was added t o  a f l a s k  of 
dissolved l u c i t e  i n  acetone t o  give 10 , 10 , and 10 spores per m i l l i -  
l i ter .  The f l a s k s  were s w i r l e d  t o  d i s t r i b u t e  the  spores uniformly. 
Ten m i l l i l i t e r s  of each of the three inoculated p l a s t i c  so lu t ions  were 
added t o  separate  sterile Se i t z  f i l t e rs  containing 25 m i l l i l i t e r s  of 
acetone. The f i l t e r s  were washed with 100 m i l l i l i t e r s  of acetone i n  
50 m i l l i l i t e r  a l iquots .  The number of spores inoculated i n t o  each 
f i l t e r  pad w a s  approximately 1500, 15,000, 1,500,OOO based on a p l a t e  
count of the  acetone-spore suspension used t o  inoculate  the l u c i t e  
7 4 spores per  m i l l i l i t e r  of 
5 3  2 
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After  each f i l t e r  was washed wi th  iitetone, the pad was a s e p t i c a l l y  
placed i n  a Waring Blendor cup containing 500 m i l l i l i t e r s  of phosphate 
buffered d i l u t i o n  water.  The pad was ground for 2 niinutes at low 
speed and f rminutc a t  high speed, and t r i p l i c a t e  p l a t e  counts w e r e  
made using tryptone glucose e x t r a c t  agar a s  the  p l a t i n g  medium. 
p l a t e s  were incubated at 35" G far 4d hours and counted. 
The 
T h e  r e su i t s  of t h r s  experiment are summarized in T a b l e  XI. It i s  
seen that the reemery of spores cowares favorably t o  the n u d e r  
i ~ ? z z ~ a l l y  eddcd ta the  solution, These data fizdice+e that the l u c i t e -  
acetone system dcbes not appreciably i n h i b i t  recovery of the spores and 
t h a t  the filter pad technique is sa t i s f ac to ry  over a w i d e  range of 
spore concentrations.  
2,  Xecovery of Bacillus gfobiglhi spores frm l u c i t e  by dis- 
so lu t ion  i n  acetone: 
A portton of an ~ ~ U ~ Q U S  suspension of E .  g l o b i g i i  was heated a t  
88" C: fsr 10 x i m r e s  and coaled in an ice bath. Appropriate serial 
PO-fo ld  dilutions in acetone w e r e  prepared to yield 1 x 10 and 1 x 10 
spores per m i l l i l i t e r .  F i f t y  m i l l i l i t e r s  of acetone were placed i n  two 
s t e r i l e  beakers and to one beaker was added 1 x 10 spores and to the  
other 1 x 10 spores .  The inocula were stirred with separa te  glass rods 
and 5.0 grams of l u c i t e  shavings were added to each beaker and stirred 
until the  p l a s t i c  was dissolved,  The suspensions were poured i n t o  
separate  p e t r i  d i shes  and allowed t o  dry  24 hours with the l i d  of the 
dishes p a r t l y  open, 
5 7 
5 
7 
The + i p d  p l g p + _ i ~  gas rem,c?.,.ed frcm, n m t r i  dirham s n A  nlared r --- =---a --"..-I -I-- 
i n  500 milli l i ters of acetone and allowed t o  dissolve for 24 hours. 
I 
The dissolved p l a s t i c  was passed through a S e i t z  f i l t e r  and the  beaker 
was washed with 500 m i l l i l i t e r s  of acetone i n  100 m i l l i l i t e r  s l iquots .  
The f i l t e r  was washed with 100 m i l l i l i t e r s  of acetone in  50 m i l l i l i t e r  
a l iquots .  
buffered d i l u t i o n  w a t e r  on a Waring B l e d a r  fo r  two minutes a t  l a w  
speed and one minute a t  high speed. 
made using tryptone glucose extract agar, and the  p l a t e s  w e r e  incubated 
at 35’’ C fo r  24 hours. 
The f i l t e r  pad w a s  ground i n  500 milliliters of phosphate 
P l a t e  counts i n  t r i p l i c a t e  were 
The results of this experiment, shown i n  Table 111, reveal  t h a t  
Bac i l lus  g l o b i g i i  spores incorporated i n t o  l u c i t e  can be quant i ta t ive ly  
recovered by d i s so lu t ion  of the p l a s t i c  and entrapment of the spores 
i n  a S e i t z  f i l t e r  pad. 
D e t e d n a t i o n  of the Toxici ty  of  Plastics 
P r io r  t o  under taking an evaluation of various techniques such 
as w e t  grinding, a i r  abrasion, and cryogenic conditions for  recovering 
spores from insoluble  solids:  it is necessary t o  know the degree of 
surv iva l  of the organism in the mater ia ls  being studied. A system 
has accordingly been developed f o r  t h i s  purpose u t i l i z i n g  the p r inc ip l e  
of t he  d i r e c t  surface agar p l a t e  (DSAP). This  technique w a s  developed 
i n  connection with quan t i t a t ive  evaluat ion of procedures for  measuring 
sur face  contamination. 
Three s t a i n l e s s  steel sheets  (12” x 14”) having a 4 m i l l  f i n i s h  
w e r e  cleaned with soap and water, rubbed with co t ton  soaked i n  a 1:l 
so lu t ion  of alcohol and ether ,  washed again w i t h  soap and water, 
r insed with d i s t i l l e d  w a t e r ,  allowed t o  dry, wrapped i n  c r a f t  paper, 
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and autoclaved a t  121' C for 15 minutes, 
s h e e t s  w e r e  again cleaned with alcohol-ether and l i g h t l y  flame seared. 
J u s t  p r i o r  t o  use, the stainless 
A por t ion  of an aqueous suspension of E. g l o b i g i i  spores was heated 
a t  8OoC fo r  10 minutes and cooled in  an ice bath. S e r i a l  10-fold d i l u -  
t i o n s  w e r e  made i n  phosphate buffered d i l u t i o n  water, and t h e  f i n a l  d i l u -  
t i o n  of 5 x 10 spores per m i l l i l i t e r  was made i n  reconsti tuted,  sterile, 
non-fat  d ry  milk. 
3 
Two m i l l i l i t e r s  of the  milk d i l u t i o n  of spores w e r e  p ipe t ted  onto 
each shee t  and brushed evenly Over t h e  sur face  with a one-inch p a i n t  brush; 
t h e  f i n a l  strokes were made with t h e  g ra in  of t h e  metal. 
inoculated milk was ca lcu la ted  to yie ld  approximately 60 spores per square 
inch of stainless  steel surface, The milk w a s  allowed t o  dry and DSAP 
circles and sterile s t a i n l e s s  steel r i n g s  were placed in t h e  pos i t i ons  
This volume of 
shown below. 
Day 1 
Sheet 1 
1-1 
Sheet 1 -1 
Sheet 2 [-I 
IB3 A1 
Day 2 
Sheet 2 RI
Day 3 
Sheet 2 
Sheet 3 1-1 
Sheet 3 -1 
Sheet 3 -1 
A Metal lurg ica l  p l a s t i c ;  A Castolyte;  A Conventional Polyester;  
1 2 3 
B GSAP circles B1' B29 3 
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r 
'6ryptone glucose e x t r a c t  agar w a s  pipet ted i n t o  the DSAP c i rc les  
at the same ti= as the  p l a s t i c s  were poured i n t o  the stainfiess s t e e l  
r ings .  The agar was covered w i t h  Rodac p l a t e  l ids ,  and the sheets 
w e r e  incubated fo r  24 hours at  35O C in a high humidity incubator. 
After 24 hours the DSAP c i r c l e s  were counted, and the  p l a s t i c s  w e r e  
pul led off the  steel. 
the s t a i n l e s s  sceel sheet that w a s  forswrly covered with p l a s t i c  and also 
im that sur face  of the plastic that: had been i n  contact  with the steel. 
~ r y p t m e  glucicose ex t r ac t  agar was pipetted into the circles, and the  
circles 5r'ere covered with sterile Rodac p l a t e  lids and incubated a s  
before.  
DSAP circles w e r e  drawn on the same area of 
The colonies  that developed i n  the DSAP agar circles were 
s ta ined with 0.1% 2, 3, 5 t r iphenyl  te t razol ium chlor ide  before being 
counted. 
The experiment was repeated 8s above on twa succeeding days. 
These data were then subjected to s t a t i s t i c a l  ana lys i s  after the 
square roots  of the  da t a  w e r e  taken. It was assumed t h a t  t he  square 
root t rans  formztion would achieve approximate normality of the  da ta .  
F i r s t l y ,  the DSAP values were analyzed t o  determine t h a t  t h e  
mean of the square roots were equal from shee t  to  sheet and day to 
day. The r e s u l t s  of t h i s  ana lys i s  a r e  shown i n  Table I V  and ind ica te  
t h a t  the mean f r o m  day to day is s ign i f i can t ly  d i f f e r e n t  a t  a = 0.01 
where a is the  probabi l i ty  of r e j e c t i n g  the hypothesis t h a t  the  
means a r e  equal when i n  f a c t  they are equal. The means from shee t  
Err sheat averaged over days C Q G l d  nnt: he shmm to he different_; 
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I 
The resul ts  of the experiment a re  shown i n  Tables V and V I .  Means 
and 95 per cent  confidence in te rva ls  are s h a m  for each day fo r  the DSAP 
counts and for  the counts on the t h r e e  p l a s t i c s .  In a l l  cases, the counts 
on the  bottom of the  p l a s t i c  and under the p l a s t i c  on the steel surface 
have been added together  and treated as one value.  Table V shows the 
counts per circle and 95 per cent  confidence l i m i t s  of the da ta  a f t e r  
the results had been reconverted from square roo t s .  The per  cent  re- 
coveries  and t he  95 per cent  confidence in t e rva l s  of the recoveries  are 
approxiwted by d i v i d i n g  the  value for the original inoculum per c i r c l e  
i n t o  a l l  the values for each day and multiplying by 100. 
recoveries  expressed i n  t h i s  way are shown i n  Table VI. 
The per cent 
I n  conclusion, we can s t a t e  that: 
a.  The DSAP recovers Over 90 per  cent  on the  average of the 
spore contaminations present  per un i t  area on the s t a i n l e s s  steel sur- 
face. 
b .  Castolyte p l a s t i c  is extrerneiy toxic  and, i n  fact ,  only one 
spore survived. 
c .  Polyester  p l a s t i c  i s  non-toxic. This  p l a s t i c  m y  be expected 
t o  permit 90 per cent  surv iva l  of spores, about 1 2  per  cent,  95 t r i a l s  
o u t  of 100. 
d .  Metal lurgical  p l a s t i c  is moderately toxic and may be expected 
t o  permit 60 per cent  surv iva l  of spores, 
out of 100. 
about 30 per  cent, 95 tr ials 
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PSOECTEI) IlESEhRCH FOR THIRE QUARTER 
A c t i v i t i e s  during the t h i r d  quarter will be directed toward: 
a .  Further explorat ion of techniques for the s t e r i l i z a t i o n  of 
ba l sa  wood and the recmery  of experimentally introduced spore con- 
tamination. 
b .  The development of a s table ,  dried, spore inoculum €or 
incorporation into p l a s t i c s .  
c. Evaluation of a w e t  grinding system for recovery of spores 
fro3 i n s o l u b l e  p l a s t i c s .  
REFERENCES 
1, Previous report (First Quarter). 
2 .  Angelot t i ,  R .  and Foter, M. J . ,  1958 A direct surface agar 
p la te  laboratory method fo r  quant i ta t ive ly  d e t e c t i n g  
bacter ia l  contamination on non-porous surfaces,  Food 
Research, 23, 170-174. 
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Table I 
Recovery of Bacillus g lob in i i  spores frm Balsa Wood 
NO. Of Spores Eo, of  spores recovered No. of spores recovered 
inoculated into by grinding 1 min. law by grfndfng 1 rnin low, 
each block* 30 sec low, 30 sec high and 1 min high speed 
(No. sporedblock) speed 
(No spores /block) 
4 x lo5 6 7 x 10 7 x I O 6  
4 x IO6 6 x lo6 7 x IO6 
7 lo4 4 5 x 10 
5 lo4  6 x 10' 
4 
4 
4 x 10 
4 x 10 
*Based on a pla te  count of the spore suspension ssed to inoculate the 
b l o c k .  
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I 
I 
c 
TABLE TI 
Recovery of Bacillus globigii spores from an acetone solution of hucite. 
No. of spores 
Solution 
in 
1500 
1500 
55,000 
1,500,oclo 
No. of spores recovered 
from the 
filter pad 
1450 
1350 
'12,200 
II, 900 
800,000 
Z of spores 
recovered f r m  
the filter pad 
96.7 
90 .O 
81 - 3  
ao .4 
5 3 . 3  
61.6 925,000 1,5OO,OOU 
*Number based of. tne plate count of the acetone-spore suspension used 
to inoculate the lucite solution. 
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NO. of spores inoculated 
into 5 grams of Luci td  
I 
No. of spores recovered 
from 5 grams of Luc i te  
TABLE 111 
Recovery of Bacillus g l o b i g i i  spores frm Luci te  
128,000 
I 
111,000 87 
12,800,000 14,100,000 
z of spores 
recovered 
110 
- 13 - 
TABLE IV 
Analysis of variance fo r  square roots of DSAP counts 
SS = Sum of Squares 
f)F = Degrees of Freedom 
MS = Mean Square 
F-Ratio = S S h S  
x*Sign i f i can t  at a = 0.01 
TABLE V 
Results of p l a s t i c  toxicity experiment - Expressed as mean and 952 
confidence interval of Bacillus g l o b i g i i  counts per DSAP circle.  
Me t a 1 lur g ic  a1 
~ c r  i l i c  
Pol yes ter 
Castol y t e  
P l a t e  count of 
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TABLE VI 
Cas t o l y t e  
Results  of p l a s t i c  t o x i c i t y  experiment - Expressed a8 a per cent of 
81.1 70.9 92.1 3 
- - - 0 1 0 2 
3 0 
- - - 
the  original inoculum. 
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